A clinical chemistry laboratory information system based on MUMPS is described, together with the problems associated with its implementation. Tabular displays and cusum charts as well as cumulative records are available on a real-time basis. Data capture is by both on-line and off-line techniques. After 18 months' live running the management of information within the laboratory has been significantly improved.
Background
The Clinical Chemistry Department attached to Belfast City Hospital receives in the region of 200 000 test requests per year on which 500 000 separate biochemical assays are performed. Approximately half of this workload is generated from within the hospital itself. The remaining work arrives from other medical agencies throughout Northern Ireland, including hospitals, general practitioners, and health centres. In 1975 it was realised that the time was opportune for a major revision of the data handling and record storage systems operating in the department. Considerable expansion had taken place in the department in terms of staff, workload, and variety of tests performed. Unfortunately, the clerical procedures and capabilities had not kept pace with this development, while the introduction of more sophisticated automated analysers had created its own particular problem. It was therefore apparent that the situation could be improved only by a radical reorganisation and upgrading of the clerical system. However, it had been demonstrated in a number of laboratories in Great Britain and elsewhere that a well-organised computerbased system could contribute greatly to the efficiency and operation of a clinical laboratory without a consequent increase in staff (Whitehead, 1969; Whitby, 1971 ; Koberick and Mandell, 1974) .
Experience with a programmable calculator introduced to improve the calculation of thyroid function assays demonstrated the potential value of a computer to the department (Morgan, 1976) . Reaction of the staff to the release from slide-rule and graphplotting chores was very favourable. At the same 47 time a computer-based reporting system attached to a six-channel analyser was introduced to produce finished results on adhesive labels. Against this background, a comprehensive feasibility study was undertaken by systems analysts from the Department of Health and Social Services (Northern Ireland). As a result a recommendation was made that a mediumsized computer system be purchased and programmed to take over as much of the clerical work and information handling in the department as possible.
As part of the study, the views and suggestions of all members of staff were canvassed and considered, and gradually a basic philosophy for the proposed computer system was evolved. It was recognised that, with the increasing use of microprocessors in laboratory instruments, the requirement for sophisticated arithmetic units was reduced. A much more valuable capability of the computer was the ability to process a sophisticated data-base management system and, at the same time, to control the expensively captured data and make it readily available in different formats. It was felt that the sectional organisation of the department should be retained as far as possible. Each section would continue to be responsible for the production and release of its own work, and the concept of a centralised reporting station would be abandoned. Since there was essentially no computer experience within the laboratory it was generally agreed that the system should be of flexible design and introduced into the department on a phased basis, to ensure a smooth transition from the manual system.
An outline specification of the proposed system evolved with two basic principles identified. These were that the system should be operated by the ex-IllS'
The system
The configuration of the system is shown diagrammatically in Figure 1 . Conceptually, it may be viewed as having two sides, input and output, both controlled by a monitor or supervisor. 01754, USA) fitted with 64K core (24K of which is occupied by the MUMPS operating system), a bootstrap loader, and a clock. The desirable disc configuration would have been two exchangable drives, each with a capacity of 5 million words. However, because of the unavailablity (at the time of purchase) of such discs, together with restrictions on the type of disc needed by MUMPS and the pricing structure operated by DEC, two RK05 disc drives capable of holding 1·2 million words on each disc and two RP02 disc drives each with a capacity of 10 million words were purchased. Twelve video display units were connected through two DZI I and five DLI lC interfaces operating on a 20mA current loop to the processor. This technique was chosen in preference to a voltage-driven system in order to provide a fast transmission speed (9600 baud) with minimum interference over the 300 metres which separated the computer room from the laboratory. Five LAI80 printers, one LA36 Decwriter, and one PC!! paper tape punch and reader (needed at the time of purchase for input of engineering diagnostic programs) made up the remainder of the hardware which was located in a purpose-built unit fitted with air-conditioning and humidity control.
isting laboratory staff and that a live and interactive process should be maintained between the staff and the computer at the critical stages of the complete laboratory process. It was felt that a system designed along these lines would encourage the confidence of the staff and promote their acceptance and understanding of the system. Integration of the computer into the laboratory would therefore require a minimum of reorganisation except in those areas where a more rigid discipline in operating procedures would be constructive. As far as possible, the main objective was to build a system around the department and its personnel, complementing the talents of the staff rather than competing with them.
After a careful review of possible computer systems available, it was decided to purchase a DEC machine operating under a MUMPS system. MUMPS is an acronym for Massachusetts General Hospital Utility Multi-Programming System, and this was the first time such a system had been used in a hospital laboratory environment in the United Kingdom. MUMPS possessed several attractive characteristics which were of particular relevance to our situation. It is an interactive multiuser database management operating system with its own interpretative language. In addition to supporting the MUMPS language, the system affords the user a unique data-base structure and access method. Data, which are referred to symbolically, are automatically stored and linked in a hierarchical tree structure without the need to create conventional computer files or to use additional software filing systems. The physical allocation of mass storage for the tree structure is accomplished by the operating system. This data-base can either be made available to all system users or restricted to a class of user, so allowing different degrees of confidentiality, a major consideration when dealing with patient files. The highly efficient management of information in the system is won at the expense of reduced arithmetical capability. However, this is regarded as of little consequence in view of the increasing use of microprocessors in the laboratory instruments. The on-line interactive mode of operating of MUMPS allows real-time verification of data input. A high degree of control is therefore retained by the operator, and the requirement for separate data preparation facilities does not arise. MUMPS software supports on-line development concurrently with shared data-base access. This allows programs to be developed and modified in normal working hours alongside live operation by multiple users.
The configuration finally agreed upon comprised a PDP 11/34 processor (Digital Equipment Corporation (DEC), 146 Main Street, Mayward, Mass
INPUT SIDE
When a specimen is delivered to the laboratory it is accompanied by a test request form (TRF) (Fig. 2 ) on which information on the patient's identity, diagnosis, tests requested, and doctor making the request are recorded. An accession number is immediately assigned to the specimen, which incorporates a check digit. This number is preprinted on a selfadhesive label, and copies of it are attached to the specimen tube, the TRF, and any aliquot tubes derived from that particular specimen. The use of check digits minimises the possibility of transcription errors. Addition of this digit produces a new number which has the property that, if quoted incorrectly, the chances of matching the original number are minimal. The specimens and their aliquots are then passed for analysis while the TRF's go off separately for entry in to the computer. The TRFs are entered by the secretarial staff as they are received from the specimen reception area. A standardised procedure is followed to reduce the possibility of creating multiple files on the same patient. The main patient file is first accessed to see if the patient is already known to the computer. If the patient is a Belfast City Hospital patient with a hospital number, one inquiry will tell the operator if the patient is on file. Theidentityofpatientssolocated is confirmed by displaying the patient's full identities (name, etc) in response to the entered hospital number. If the patient is not on file the secretary creates a file by entering the details as they appear on the TRF, while existing patients may have their patient identification details (PIn) amended at this point if necessary. As a large proportion of test requests originate from outside Belfast City Hospital, the BCH numbering system is not applicable on its own. Using a method known as the Russell Soundex Surname Coding System (Newcombe, 1967) , duplication of patient files is reduced significantly. An analysis of the main patient file, which currently holds 27 800 records, produced only 15 duplicate records. Based on the phonetic rendering of surnames, common varients of particular surnames are brought together within blocks, each defined by a different code. The surnames Smith, Smythe, and Smyth, which are commonly confused, for example, are brought together in the same block and assigned the same code. The search programs recognise this code and display them as possibilities for the operator to select. As the system is essentially operatordriven, the responsibility for correctly identifying a particular patient rests with the operator. Using the personal identifiers of surname, initial, and sex, the operator is offered a number of possibilities produced by the Soundex Coding System, and she selects the correct one to match the TRF if it is already on file.
The tests requested are also entered at this stage, each being identified by a simple mnemonic.
Because of the more urgent nature of specimens for electrolyte analysis, these are separated from the general mail on arrival in the specimen reception area. At midnight they are assigned a number from a series which begins at zero. A schedule of batches is worked out as the specimens arrive throughout the day. Batches may vary from one specimen up to 40, the essential feature being that there is synchronisation between the PIn side and the analytical staff. This separate method of handling electrolytes enables analysis of these to begin in advance of the clerical entry of TRFs.
Electrolyte analysis, which accounts for 23 % of the total workload, is performed on a Technicon SMA 11, which is interfaced directly to the computer through its own interface. The system is able to cope with as many batches as necessary, each being processed in sequence. The final result for each specimen is immediately displayed on the screen, all additional information which the SMA transmits being suppressed. When a batch has been completely transmitted it becomes available for editing by the operator with all results outside preset limits flagged. At this point he can add various comments to individual results, eg, specimen haemolysed-i-results unreliable. In the event of corruption of results during transmission the entire batch can be re-transmitted from the SMA's memory bank. Having indicated that a particular batch has been edited the results are merged with the appropriate PIDs and the batch becomes available for vetting. The present result (flagged if outside preset limits) is displayed complete with its PID and the six most recent results (if they are on the file). The person in charge may authorise the release of the result for printing or may hold it for further scrutiny or repeat analysis. The original TRF is available and at hand during this vetting procedure in order that the relevant clinical details may be considered. If the result is satisfactory it then passes to the printing station.
Recently, an LKB 1270 Rackgamma has been interfaced to the system. Raw counts are transmitted from the Rackgamma to the central processor and then re-transmitted to an Alpha 16/251 (Computer Automation Inc, Irvine, California 92 664, USA) for computation, the finished results being sent back to the central processor. A Gilford (System 35(0) reaction rate analyser has had a DACS 35 interface installed which converts it to a data acquisition and collation system. The software for the data lines is still being tested and modified, and it is hoped that when they are up and running in the live system, the manual entry of results to the computer will be significantly reduced.
All other analytical data are put on the computer using a generalised results entry procedure. Raw data obtained at the various analytical points are recorded manually on computer-produced worksheets. These serve also as a hard record of work done in the event of computer failure. The raw data for each test are then entered manually through the VDU. The computer processes the raw data except in the case of thyroid function tests, where the small alpha counter performs the more complicated curve-fitting procedures associated with radioimmunoassay.
The flow of information then follows the same general pathway as that described for the electrolytes (Fig. 2) , results being edited and reports being vetted with any previous results of the same type before being authorised for printing. This flow of information is controlled and supervised by a monitor program which maintains a continuous check on all the different operations going on in the system. By means of status checks the monitor controls the passage and
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transfer of results and PIDs through the various stages of the system. These status checks enable the different files to be updated as necessary and permit the logging of messages on a console. Reference to this log allows the computer staff to see the position and condition of all the work currently in the system. This log also provides a permanent record of all the transactions carried out on the system during a particular 24-hour period.
OUTPUT SIDE
Menus held on the VDUs direct the secretarial staff and the analytical staff in the operation of the system. They have a standardised format and are designed to be self-explanatory. Using these menus, information enters the system, is processed, and proceeds finally to produce different types of output under the control of the monitor, for each particular class of user.
The principal users of the system are the laboratory and clinical staffs of the hospital. For the laboratory staff the computer produces documentation to enhance the flow of work through the department. Split lists are produced which facilitate the assembly of racks containing specimens sorted according to test type. Work sheets are compiled which schedule the tests to be done on each section, and in addition these sheets serve as a hard record of analytical observations in the event of computer failure or if the manual checking of a result becomes necessary. Every morning an alphabetical day list is printed, which is a summary of all the work done on the previous day, including PID details and results printed in a cumulative format. This serves as a permanent record and can be used as a look-up table for enquiries which have been removed from the disc memory after the alloted stay time.
A comprehensive package of management statistics is provided for the use of the senior and supervisory staffs in the laboratory. It enables an accurate tally of all the different types of tests being performed to be kept and is printed out on a monthly basis. Statistical information, including running means within truncated limits, standard deviations, and cusum values, is provided in this package and is available for inspection continuously.
Ward reports are the only documents produced by the computer which leave the laboratory at present. These have a flexible, standardised format, reproducing the details originally set out on the TRF. As a matter of policy, no attempt is made to provide a cumulative report, and only the test block requested is reported. The desirability of providingacumulative summary report on individual patients is being examined. It is envisaged that such a sheet with all the biochemistry findings would be helpful for record purposes in the patients' case notes and could be easily set up. While cumulative reports are not issued by the laboratory it is possible to display results in this format on any VOU on the system. The operator simply identifies the patient by entering the hospital number (if this is available) or the appropriate surname, initial, and sex. If the second method of identification is chosen, the user must choose the correct patient from the list of hospital matches which are displayed in full, ie, the complete PIO of each is given (surname, first name, sex, age, location of patient at last request, and doctor). Once the patient is identified the computer displays a full cummulative report of all results held on file for that patient.
Special consideration has been given to servicing the Renal Unit in view of the particular importance this unit has in the Belfast City Hospital. A VOU has been installed in the ward area and is linked directly to the main file of the computer. This link, which extends to half a mile, is made via send/receive modems and is wired into the GPO telephone system. It provides the Renal Unit with a full 24-hour data retrieval service, including all results as soon as they become available in the laboratory.
As in any laboratory computer system which accumulates results it is necessary to introduce a culling procedure. To optimise disc usage it was decided to provide a culling program which, although lengthy in execution, was the most satisfactory from the laboratory point of view. Essentially a table is set up with one entry for each test type. Each entry consists of two numbers which signify the maximum number of days for which results of this test type should be retained and the maximum number of results of this test type which should be stored. The culling program takes 3 hours to complete its operation and is run overnight approximately once a month. During culling each test result is examined, and if it is out of date it is deleted. For each patient and test type the number of results is counted, and if this exceeds the allowable number, the excess is removed by deleting the oldest results. If after meeting these two criteria no results remain for a particular patient, the patient's identity record is itself deleted. By adjusting the two parameters of maximum retention time and maximum number of tests it is possible to optimise disc usage and reflect the temporal significance of the different types of test results.
Various methods are employed to ensure the integrity of the programs and the data base in the event of system failure. The monitor program produces a report each hour on the operating console which gives a summary of all the work in transit and the stage it has reached. An updated version of the day sheet is also printed. This is immediately available in the event of a breakdown to supplement the manual backup system. In the case of the electrolytes, each batch is spooled out on the console before release for printing in the laboratory. The objective of these precautions is to ensure that there is never more than an hour's lapse between a hard copy of processed data and a breakdown. As a further precaution a backup of the system is automatically made at midnight. This is essentially a snapshot of the entire system, including the data base and the operating system. The next morning this backup disc is replaced by the oldest in a cycle of four discs. This routine ensures that four recent images of the system are available in an emergency to facilitate recovery in the event of system failure and to retrieve and maintain the integrity of the data base.
Discussion
Any discussion involving the implementation of a laboratory computer system must consider how far the initial objective has been achieved. In the simplest terms, this was defined as the provision of computer facilities to improve the efficiency of operation and quality of work produced by the laboratory. The system was designed to assume control of the greater part of the clerical work of the department.
Co-operation of the staff was fundamental to the success of the project in meeting this objective. The natural resistance to change in the methods of working and the general unease felt by the individual at the introduction of a computer were recognised. Great care was therefore taken to ensure that all members of staff were kept fully briefed as the project developed throughout its different phases. Their cooperation by way of suggestion and criticism was actively encouraged, and this approach resulted in ready acceptance, especially during the critical transition period from manual to live computer operation.
I! is difficult to quantify success but the discipline imposed by the revised method of working has produced a more tightly controlled operation. Documentation is now much more detailed and easier to review. The handling of telephone enquiries is much faster. If the required infomation is not available on the disc storage system, reference to alphabetical lists will quickly provide the answer. This facility alone reduces the secretarial effort considerably in view of the large number of telephone enquiries made to the department each day. The standardised formats displayed on the screens and a generalised method of operation of the system have also contributed to the acceptance of the system. The skills are easily learned, and the staff have quickly gained confidence in its operation.
There has been an improvement in the quality of work produced. The compulsory vetting procedures and the monitoring of tests and requests, some of which stay active in the system for up to three weeks, have shown up errors which under a manual sytem would have been reported to the wards. Major blunders due to either human or mechanical error are a feature of all laboratories, and any device that detects them in time promotes the confidence of the clinician. There is no doubt that a system operating as described here makes a valuable contribution to this end.
In specialist units such as a renal unit there is a prime requirement for information on laboratory investigations to be made available at the bedside with the minimum of delay. The 24-hour service provided through a telephone link by this system meets this requirement very successfully. It is hoped eventually to extend this service to other units where there is an urgent demand for laboratory information.
The success of the project must, however, be balanced against its failures. When there is heavy traffic on the system there is a significant increase in response time, which is particularly irritating to the secretarial staff inputting TRFs. This problem should be eased by the implementation of Standard MUMPS. However, even under the present conditions the response time is never more than 5-6 seconds. Introducing results to the computer manually through the keyboard of the VDU has presented some difficulty to the analytical staff, mainly as a result of inexperience of typing technique. If the task of result-entry is delegated to the secretarial staff responsibility for verification might well shift from the section producing the results and this would be a retrograde step. With increasing familiarity of the keyboard on the part of the analytical staff and supervision of the secretarial staff it is believed that results entry will become a more acceptable procedure.
Complaints from outside users have been few and Morgan, Mc-Connell, Chandler and Welshman have involved mainly unfamiliarity with the new style computer reports. One written complaint has been received. This was from a general practitioner who was annoyed that the computer-produced report did not carry the address of his patient. From his point of view it was difficult to identify reports coming back to his surgery with similar names. This was an illustration of the requirement for an unique numbering system but, given our circumstances, it was impractical to implement his suggestion. With regard to improvement in the laboratory's performance as a result of computerisation, there is no doubt that the general flow of paperwork, processing of telephone enquiries, and the management of internal laboratory statistics are now handled in a much more streamlined manner. Certain aspects of the system remain to be improved but after 18 months of live operation there is general agreement that the exercise has been well worth while.
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